Introduction
Helichrysum microphyllum subsp. tyrrhenicum Asteraceae , is one of the many endemic species growing in Sardinia, Corsica and Balearic Islands.
This plant is a shrub, 25-40 cm in height, strongly aromatic, with linear leaves, the lower not longer than 12 mm; the flowers are grouped in yellow heads and fruits are brown achenes 1 . It is used in Sardinian traditional medicine to nurse cough, burns and as antirheumatic and analgesic 2 .
There are several studies on the essential oils of Helychrysum species and their activity, such as antispasmodic, antioxidant, antibacterial and antiallergic 3 6 . Alike, many are the phytoproducts isolated from the genus Helichrysum s.l. , although few oils and extracts are used in the food, cosmetics and pharmaceutical industries. H. microphyllum subsp. tyrrhenicum is less widespread with respect to the other subspecies, and its chemical composition is peculiar with respect to plants growing in the peninsula. In particular from this subspecies a heterodimeric phloroglucinol pyrone arzanol endowed with interesting biological activities as well as an unusual class of lipids named santinols have been recently characterized 7, 8 .
H. italicum was proven to exhibit both morphological and genetic variation among and within the Mediterranean and Sardinian populations 9, 10 . This variability influenced the volatile composition with quali-quantitative differences in essential oils among populations coming from different regions 11 15 . Therefore, our aim was to verify if geographi- α-muurolene 2.5 and allo-aromadendrene 2.0 for sesquiterpene hydrocarbons, epi-α-cadinol 2.0 and epi-α-muurolol 2.0 for oxygenated sesquiterpenes.
Comparing our results with those reported in literature 11 15, 17 ,
we can notice similarities in the composition taking into account such an inter-populations variability linked to genetic, geographic and climatic factors. Notably, the geographical isolation in La Maddalena Archipelago, could have led to the detected differences in the essential oil composition with respect to populations from different Sardinian locations Table 2 . The main features of the investigated population seem to be a lower content of neryl acetate and more in general of the oxygenated monoterpenes, the absence of monoterpene hydrocarbons together with that of linalool and γ-curcumene which are reported as two of the major components in other populations 18 , and the high content about 61 of sesquiterpenes among which γ-cadinene, δ-cadinene and rosifoliol were the most representatives. In addition it has not been observed substantial decreasing of the principal compounds between oils derived from fresh or dried plants 15 .
Cytotoxic activity
Cytotoxic activity of the essential oil from Helichrysum microphyllum subsp. tyrrhenicum was evaluated on a selection of human tumour cell lines. MDA-MB 231 human breast adenocarcinoma, A375 human malignant melanoma, and HCT116 human colon carcinoma cell lines were tested by MTT assay. All cell lines were submitted to increasing concentrations of essential oil for 72 h. The results show that essential oil exhibited a significant cytotoxicity against the human tumour cells examined Table 3 . The essential oil induced a concentration-dependent inhibitory effect on all cell lines tested in the dilutions ranging from 1.56 to 400 µg/ml. The IC 50 values of the oil were 16.03, 29.38, and 44.29 µg/ml on the A375, HCT116 and MDA-MB 231 cell lines, respectively. The essential oil resulted active mainly on human melanoma cell line. . There are few data in literature related to cytotoxic activity of these compounds. Only δ-cadinene has been reported to exert high cytotoxic activity on human breast carcinoma cell line BT-20 and human epithelial adenocarcinoma cell line HeLa 19 . All the other compounds are present in the oil at concentrations below 3.6 , the minor components could contribute to cytotoxicity or may be involved in some type of synergism with the other compounds.
Antioxidant activity
H. italicum is a medicinal plant with promising pharmacological activities that continues to play an important role in the traditional medicine of Mediterranean countries 20 .
The plant is widely used due to different properties as antiinflammatory 20 , antibacterial 8, 13, 20 and antioxidant 4, 6 . In the cosmetic field, products based on extracts and essential oil, have also anti-aging property, because they help to regenerate skin tissue and relieve inflammation through antioxidant properties which protect the skin from damaging free radicals 21 . H. italicum solvent extracts showed high antioxidant activity 6, 21, 22 while less activity is normally showed by essential oils owing to the lack of phenols. Due to the interest on the use of this oil, in our work we characterized the antioxidant activity of the essential oil from H. microphyllum subsp. tyrrhenicum by DPPH and ABTS assays. All data are presented in Table 4 . According to the results obtained by DPPH assay, the essential oil exhibited scavenging activity with an IC 50 value about 187-fold higher than that reported for Trolox, while the total antioxidant power determined towards ABTS assay showed an IC 50 value of about 100-fold higher than that of Trolox. The different activity observed against the two radicals is probably due to the more specificity of the oil components towards ABTS radical cation. The antioxidant activity of H. microphyllum subsp. tyrrhenicum oil was also determined by ferric reducing antioxidant power FRAP method. As reported in Table 4 the essential oil did not show important reducing ability. As regards the contribution of the oil components to the antioxidant activity, the major oil constituent neryl acetate is not known as a strong antioxidant, while the sesquiterpene alcohol rosifoliol 11.3 exhibited a significant, protective effect against linoleic acid oxidation 6 . Nonetheless, other minor compounds may act as electron donors, contributing to the total activity of the oil.
Experimental

Plant Materials
Plant material was collected in La Maddalena Archipelago, located a short distance from the rugged north-east coast called Baia Trinita, at the beginning of the flowering stage April 2013 The botanical identification was performed by Dr. Cinzia Sanna Consorzio Interuniversitario Co.S.Me.Se. Università di Cagliari . A sample of the studied plant is stored in our laboratory under the accession number: Herbarium CAG 729.
Extraction of essential oil
The fresh plant material 546 g was subjected to hydrodistillation using a Clevenger type apparatus for 3 h according to the European Pharmacopoeia 23 European Pharmacopoeia, 2002 . The obtained hydro-distillate was extracted with hexane 3 times and the organic layers was collected and dried on sodium sulfate. The organic solvent was eliminated at room temperature, under nitrogen flux. The obtained oil was stored in sealed vials under nitrogen atmosphere at 20 in the dark, until analysis. The essential oil was obtained in yield of 0.11 w/w .
GC-FID and GC/MS analysis
For gas chromatographic separations, an Agilent 4890D instrument coupled to an ionization flame detector FID Injector and transfer line temperatures were 280 . Helium was used as the carrier gas, at a flow rate of 1.4 ml/min; injection volume: 1 µl; split ratio, 1:34. A mixture of aliphatic hydrocarbons C8-C30 Sigma, Milan, Italy in n-hexane, was directly injected into the GC injector under the above temperature program, in order to calculate the linear retention index of each compound. Oil samples were diluted 1:100 in n-hexane and injected at a volume of 1 µl. Analysis was repeated three times. Data were collected by using HP3398A GC Chemstation software Hewlett Packard, Rev. A.01.01 . Quantification of essential oil components was obtained by FID peak-area internal normalization by using correction factors 24 .
GC-MS analysis was performed on an Agilent 6890N gas chromatograph coupled to a 5973N mass spectrometer using a HP-5MS 5 phenylmethylpolysiloxane, 30 m, 0.25 mm i.d., 0.1 µm film thickness J & W Scientific, Folsom capillary column. The temperature program was the same as above. Injector and transfer line temperatures were 280 . Helium was used as the carrier gas, at a flow rate of 1 ml/min. Split ratio: 1:50; acquisition mass range: 29-400 m/z. All mass spectra were acquired in electron-impact EI mode with an ionization voltage of 70 eV. Oil samples were diluted 1:100 in n-hexane and the volume injected was 2 µl. Data were analyzed by using MSD ChemStation software Agilent, Version G1701DA D.01.00 . Whenever possible volatile components were identified by co-injection with authentic standards purchased from Sigma-Aldrich Milan, Italy . Otherwise, the peak assignment was carried out according to the recommendations of the International Organization of the Flavor Industry IOFI, http://www.iofi.org/ 25 , i.e., by the interactive combination of chromatographic linear retention indices that were consistent with those reported in MS libraries 26, 27 for apolar stationary phases, and MS data consisting in the computer matching with the following libraries: WILEY275, NIST 08 and ADAMS. In addition, a home-made library, based on the analyses of reference oils and commercially available standards was used as well.
Cytotoxicity assay
MDA-MB 231 human breast adenocarcinoma and A375 cells human malignant melanoma were cultured in Dulbecco s Modified Eagle s Medium DMEM with 2 mM Lglutamine, 100 IU/ml penicillin, 100 µg/ml streptomycin, and supplemented with 10 heat-inactivated fetal bovine serum HI-FBS . HCT116 human colon carcinoma cells were cultured in RPMI1640 medium with 2 mM L-glutamine, 100 IU/ml penicillin, 100 µg/ml streptomycin, and supplemented with 10 HI-FBS. Cells were cultured in a humidified atmosphere at 37 in presence of 5 CO 2 . The MTT assay was used as a relative measure of cell viability. Cell-viability assays were carried out as described by 
Antioxidant activity
DPPH free radical scavenging activity was evaluated on a microplate analytical assay as previously described 29 .
Stock solution of DPPH was prepared methanol and stored at 20 until needed. The working solution was obtained by mixing stock solution with methanol to obtain an absorbance of 1 unit at 517 nm. 
Conclusions
The composition detected in Helichrysum microphyllum subsp. tyrrhenicum growing in La Maddalena Archipelago confirmed the existence of a worthy chemical polymorphism among populations coming from different areas. In comparison to the composition of the oils from other populations our sample showed a lower content of neryl acetate 19.2 and a high content of sesquiterpenes about 61 . Moreover, other marker components detected in other Sardinian populations such as linalool and γ-curcumene are completely missing in our sample. We assume that geographical isolation affected the essential oil composition of the investigated population with respect to those from other regions of the Isle. The essential oil showed a significant cytotoxicity against the human tumor cell examined, notably on melanoma cells, deserving further studies for a possible use as anticancer agent. Finally, the antioxidant activity of the essential oil resulted weak as a consequence of the poorness of components endowed with hydrogen-or electron-donor functional groups.
